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1 
My present invention relates in general to the 
operation and control of fluid heaters of the type 
in which the heat transfer medium consists of a 
fluent gas-pervious mass of refractory material 
which is flrst heated by the passage of a heating 5 
fluid in heat transfer relation therewith and is 
then cooled by contact with fluid to be heated; 
and more particularly to fluid heaters of the 
character illustrated and described in which the 
lnass of heat transfer material in the ïorm of 10 
pellets moves by gravity downwardly through a 
serles of superposed heating and cooling cham- 
bers 0r zones connected by one or more throats of 
reduced flow area but structurally unobstructed, 
elevating the pellets to a point above the upper 15 
chamber, and again allowing them to move by 
gravity through the several chambers. 
The heater may comprise a multiplicity of 
superposed reractory lined chambers, one or 
more of which may be adapted for the continuous E0 
heating of reïractory pellets while one or more of 
the chambers is adapted for the heating of fluids 
by contact with the descending stream of hot 
pellets. The refractory pellets are arranged for 
ravitY flow through the chambers and connected E5 
throat sections and then for external return ïrom 
the lowermost chamber to the uppermost cham- 
ber. Certain arrangements of control and the 
operation of such a heater form particular fea- 
tures of my present invention. 30 
In the illustrated example, pellets are heated in 
an upper chamber by contact with a counter- 
current stream of hot combustion gases after 
which they pass by gravity into a treating cham- 
ber where they treat the fluids being processed. 35 
A third chamber is positioned below the treating 
chamber to effect a preheating of the air for com- 
bustion purposes in connection with the pellet 
heating chamber and to cool pellets therein. Pel- 
lets emerging from the third or lowermost cham- 4o 
ber re suiïiciently cool to be handled by ordinary 
metallic elevator equipment external of the heat 
transïer chambers. Thus the residual heat in the 
heat transfer material or pellets can be recovered 
by direct contact with air for use as an element a 
of combustion in the generation of a heating  
fluid for the upper chamber. 
In generating the hot gaseous products of com- 
bustion to form a heating medium for the uppe r 
,pe]let heating chamber, I preferably employ a 50 
'.eparate external combustion chamber to which 
fuel and air are controllably supplied. I ïurther 
arrange for the recirculation of a portion of the 
relatively cooled products of combustion leaving 
the upper chamber back fo the separate combus- 55 
tion chamber for tempering the heating medium 
both as to oxygen content and as to temperature. 
Thus the flow of heating medium to the upper 
chamber, for heating the pellets therein, is a com- 
posite of hot gaseous elements of combustion and 0 
some recirculated gases. The principal ïeature of 
the present invention lies in the operation and 

2 
control of the apparatus mentioned to regulate 
the quality and quantity of the heating medium 
supply to the upper chamber. 
A general object of my invention is the pro- 
vision of a method o'ï and apparatus for operating 
and controlling fluid heating apparatus of the 
character disclosed, .for continuously heating a 
fluid under pressure at high capacity to a uni- 
ïorm final temperature in a range whose upper 
temperature limit is dependent only upon the 
physical properties, such as the fusing tempera- 
ture, of the refractory materials employed, with 
little or no contamination of the fluids being 
heated by the heating fluid employed and vice 
versa, without subjecting any included metallic 
parts present to unsafe operating temperatures 
or requiring special corrosion and heat resistant 
alloys for metal operating temperatures over 900 ° 
F., and with a relatively high overall thermal 
eiïiciency. 
One object is to provide a control system for 
the apparatus described which is characterized 
by ifs ability to maintain balanced fluid pres- 
sures within the apparatus to prevent inter- 
mingling of the fluids from one chamber fo an- 
other. 
A further object of the invention is to provide 
an apparatus adapted for use in a continuous 
process characterized by ifs abi]lty to transfer 
high temperatures to a fluid being heated at a 
higher rate of heat transfer than heretofore 
practical. Still another object is to provide a 
process and apparatus of the above noted type in 
which the reaction time can be controlled within 
narrow limits. A further object is to protect 
against overheating of the chamber lining. 
A still further object is to provide a heating 
means for the pellets which is regulated as to 
composition and temperature as well as rate of 
flow and to accomplish this through the most 
economical utilization of fuel used for providing 
heated products of combustion as a basic con- 
stituent of the heating medium. 
In the particular embodiment of my invention 
which I have illustrated and will describe the 
fluid to be heated in the center chamber may be 
steam fo be superheated or air to be elevated in 
temperature. The arrangement might equally as 
well be used in the thermal conversion of liquid 
or gaseous hydrocarbons at high temperatures 
and low pressures in which the temperature in 
the reaction zone can be controlled within narrow 
limits thereby permitting efficient and consistent 
cracking of the hydrocarbon feed. It will be 
understood however that these are by way of 
example only and are not to be taken as limiting. 
In the drawing the single figure is a diagram- 
matic showing, in elevation, of a three chamber 
heat exchanger to which my control system bas 
been applied. It bas appeared unnecessary to 
complicate the showing by details of the con- 
struction of the heat exchanger or of the eleva- 
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tor sysem for reurning the pelles from the exit 
of the lovermost chamber to the inlet o the up- 
permost chamber. or such constructional ar- 
rangements reference may be had to the copend- 
ing application of Ervin G. Bailey and lalph M. 
Hardgrove, Serial No. 35,126, flled June 25, 1948. 
Thus the showing of the drawing is entirely dia- 
grammatic insofar as the size, shape and general 
constructional arrangement of the principal 
paratus is concerned. The apparatus which is 10 
concerned with the control of operabion of such 
a heater unit, and to which my present inven- 
tion is particularly directed, wfll be explained in 
detail. 
The heating unit fllustrated in the drawing is 15 
constructed and designed for the use of vapors 
ol-gaseous heating and heated fluids under pres- 
sure and as shown comprises as its main Part an 
upper heating chamber 0 normally substan- 
tially fllled with a downwardly moving fluent 20 
gas-pervious mass oï refractory heat transfer 
tnaterial 3 te be heated by high temPerature 
gases passing therethrough. There is shown a 
connected subjacent heat absorbing or reaction 
chamber  arranged to receive and normally 25 
substantially completely filled with heated re- 
fractory materiaI 3 from the upper chamber, 
and in which the heated refractory material is 
uti-lized for haçig a second fluid, in the pres- 
ênt- embodiment a vaporous ftuid such as steam, 30 
to a predetern-ined temperature. By way of ex- 
ample, the steam may be admitted through a 
conduit 4 ata pressure of 25 p. s. i. sturated 
and desirbly leaves through a conduit 5 ata 
total tem.perature of 2300 ° F. 35 
Below the chmber , and connected there- 
to, is a- third chamber 2. arranged to receive 
and normally substantially completely fllled 
with heated refractory material 3 from the mid- 
dte chamber , and in which the heated re- 40 
fractory material is utflized for heating a third 
fluid, which in the present embodiment is air, 
t0 be utitized as one of the elements of combus- 
tion to provide the heating medium for the re- 
factry material in the uppermost chamber 10. 45 
A pellet, elevator 7 is provided for receiving 
the cooled refractory material from the lower- 
m0st chmber 2, through a discharge spout 
and returning it fo the upper part of the upper- 
móst chamber '{}. The elevator may be of any 50 
commercial type capable of handling the heated 
peltets and discharges at the top into a spout 
8 leading to the top of the chamber I{}. The 
branch 6-joining the exit of chamber 2 with 
the ëlevator 7 may be provided with controlla- 55 
ble feeder means for variably allowing the pel- 
lets of refractory mateial 3 to feed from the 
chamber- -2 into the elewtor. By such means 
the .rate-of gravity fiow of pellets 3 downwardly 
threugh the chambers -0, , 2 may be regu- 6O 
lated and. thus the timeof contact of the pellets 
vih the different fluids may be controlled. 
Such control forms no part of the Present in- 
venion. 
The fiuid heating medium, for heating the pe1- 65 
lets 3 in the chamber {}, is admitted to the 
lower portion of the chamber  by way of a 
conduit .9 from the ourlet of a separate com- 
bustion chamber 20 whose function is to provide 
the:heaing medium supply. 70 
The separate combustion chamber 2 is sup- 
plied ivih a fluid fuel through a conduit 2 and 
with heated air for supporting combustion 
thrugh conduit 22. The hot gaseous PrOducts 
of combustion from the combustion chamber 2} 75 

are admitted thr0ugh 'a 1Ower Porion: of the 
chamber 0 to pass upwardly through the inter- 
stices of the gas-pervious fluent mass 3 in in- 
timate counterflow contact with the descending 
pellets whereby the pellets are heated to a high 
temperature and the gases leave through a flue 
gás ourlet 23 and a second conduit 24 at a rela- 
tively low temperature. The highly heated pel- 
lots 13 more downwardly by gravity in a column 
through chamber  and a throat 25 into the 
subjacent chamber I. The fiuid fo be heated 
in the chamber , in the Present embodiment 
beflug steam, is introduced through the conduit 
 to a lower portion of the chamber l, under 
predetermine.d pressure, and passes upwardiy 
through the interstices between the descending 
pellets 3 in the chamber I where it is heated 
in counterflow heat transfer and thon Passes out 
at the desired temperature through the ourlet 
conduit  5. 
The pellets 3 more slowly by gravity from a 
lower portion of the chamber |, through a 
throat 2, into the upper portion of the cham- 
ber 2 where they are further cooled by heat 
transfer to combustion air admitted through a 
conduit 2] to a lowermost portion of the cham- 
ber 2 and passing upwardly through the inter- 
stices Of the fluent gas-pervious material 3 fo 
exit near the top of the chamber 2 into the 
conduit 22 for supplying heated combustion air 
to the furnace chamber 0. 
The relative pressures in the chambers 0, 
and 2 as well. as the fluid flow between the 
chambers, or ]ack of fiuid flow, is controlled by 
provisions disclosed in a copending application 
by Ervin G. Bailey and la]ph IVL Hardgrove, Se- 
rial No. 502,580, flled September 16, 1943, now 
Patent 2,447,306 dted. August 17, 1948, of which 
certain control features herein disclosed consti- 
tute improvements thereover-. Connected to oP- 
posite ends of the throat section 2 are pressure 
pipes , 9 joining a differential pressure con- 
troller  which is .arranged to Position a damper 
3 in the conduit 5.-Connected to opPosite 
sides of the throat 2, through pipe connections 
32, 33 is a differential pressure control]er 3 ar- 
ranged to position a damper or valve 35 in the 
conduit 22 ai the ex-if of chamber 2. 
In general, the differential pressure con- 
trollers 3 and 34, through positioning of the 
dampers 3, 35, perform the functions of so reg- 
ulating the pressures in the chambers 9, 
2 as to maintain a balance in pressure in the 
throats 25 and 0 and thereby substantially pro- 
vent any interflow of fluid from one of the cham- 
bers ,  or 2 to another. While the static 
pressures in the.chambers 0,   and 2 may not 
be .the same, and the pressures comPared across 
the throat 25 may not be the same as those com- 
pared across the throàt 20, die fo pressure drop 
through the chambers, the adjustment and ac- 
tion of the dilïerentia] pressure controllers 
is such as to minimize fluid flow through the 
throats 25 and 20 in either direction. Such prò- 
vision minimizes the .dilution of the fluid in any 
chamber by that from another chamber. Fur- 
thermore prior impractical gare or valve struc- 
ture in the throats 25 and 2S are avoided and 
free gravity egress of pellets permitted from an 
uPper chamber fo a lower chamber without sub- 
stantial fluid passage from one fluid chamber fo 
another through the interstices of the gas- 
pervious fluent mass passing by gravity down- 
wtrdly fr)m chamber  through throat 25 into 
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chamber I I and thence from chamber I I through 
throat 26 into chamber 12. 
The fluid heatirg medium supply, for the 
chamber 0 is available through the conduit 9 
from the separate combustion chamber 20., Join- 
ing the chamber 20 is a fluid.fuel supply con- 
duit 2 and a heated air supply conduit 22. The 
chamber20 is also joined by a conduit 24 in 
which is interposed a recirculation fart 36. 
The rate of supply of fluid fuel throUgh, the 
"conduit 2 is controlled by. a regulating alve 
3 positioned by a pneumatic loading pressure 
established by a temperature controller 30 and 
relay 39. In the conduit 5 is a temperature 
sensitive element 40 for ,the controller 38 which 
latter establishes in a pipe-4 a fluid loading pres- 
sure continuously representative of the tempera- 
ture of the heated fluid leaving the chamber  
through' the conduit 5. Inasmuch ,as tempera- 
ture of the fluid at location 40, regardless of var- 
iation in rate of' supply of fluid throCh the con- 
dui 14,. is the final desideratum of the system it 
ts-used as an index to establish the rate of sup- 
ply of fuel to the combustion chamber 20 and 
thereby, the rate of supply of heating medium to 
heat the pebbles in chamber 10. 
'.The loading pressure in the pipe 41 is sub- 
jected upon the.A chamber of a Stndardizing re- 
lay 39 +vhich may be of a +type described and 
claimed+in Patent 2,098,914 to Harvard H. Gor- 
rie. The B chamber of the relay is open to the 
atmosphere while the C and D chambers+ are 
joined by.an adjustable bleed connection 42. 
The pressure within the D chamber is available 
through a pipe 43  te be effective upon the-dia- 
phragm of the regulating valve-3l for position- 
ing the same. The arrangement is such that 
upon a departure of temperature at lOCatiOn 40 
from the desired value, an immediate and pro- 
portional change takes place in the positioning 
of the valve 3 in a directiontending to restore 
the temperature to the desired value. There- 
after the star/dardizing relay 39 operates t0 grad- 
ually position the valve 3 until the tmperature 
reaches the predetermined desired value. 
Fuel and air supply rates through the .con- 
duits 2 , 22 are desirably proportioned for most 
efficient combustion and economy in fuel con- 
sumption. Such proportioning is accomplished 
by a ratio controller 44 Which establishes in a 
pipe 45 a pneumatic loading pressure continually 
representative of the ratio between the rate of 
flow of fluid fuel passing an orifice 46 and the 
rte of flow of combustion air passing an orifice 
4. The loading pressure in pipe 45 is subjected 
upon the A Chamber of a standardizing relay 
43 simflar to the relay '30. The output of the 
relay 43 is a control pressure in the D chamber 
thereof which is effective through a pipe 4 uPon 
the controller 50 for positioning a damper 5 in 
a branch conduit .52 capable of bleeding heated 
combustion air from.the conduit 22 to the atmos- 
phere. Inasmuch as the basic flow of heated 
combustion air through the conduit-22 is under 
the control of the damper 35 desired slight var- 
iations in such flow, admitted to the chamber 20, 
may best be obtained by bleeding n excess to 
the atmosphere. 
The separate combustion chamber 20 receives 
fluid fuel and heated combustion air in ratio and 
amount to satisfy the heat requirements of the 
fluid passing through the Chamber   and raise 
the temperature of the fluid to the desired value 
at.the temperature element 4. While the quan- 
tity rate of heat to the chamber 0 is thus con- 

trolled, the temierature of the heating mêdium 
passed through the conduit 19 may at times ex 
ceed a predetermined high value and P0ssibly 
cause fusion of the pellets in chamber 0. As a 
5 safety control I provide a damper 53 in the con« 
duit 24A thereby controlling the amount of spent 
combustion gases which are recirculated from the 
top of the chamber H} to some location in the 
separate combustion chamber 20 wherein they 
10 will dilute or retaper the products of combustion 
in desired manner. 
Located near the exit of the combustion cham- 
ber 20 is a temperature responsive element which 
is connected to a temperature controller 5 af- 
15 ranged to establish a loading pressure in the pipe 
5 continually representative of the tempera- 
ture at the location 54. The pneumatic loading 
pressure within the pipe 5 is subjected upon the 
A chamber of a standardizing relay 53 which pro- 
20 duces, in the pipe 59, a control pressure available 
to actuate a controller 60 for positioning the 
damper 53 and thus regulating the rate of recir 
culation from the top of chamber 0 to the Com- 
bustion chamber 20 whereby the heating medium 
5 passing the element 54 is .of minimum free oxy- 
gen content and of sale temperatur e. 
It. will be appreciated that the various control 
elements and arrangements described function 
continuously and simultaneously and that they 
30 are all interrelaed for eiciency and sale opera- 
tion of the heat transfer system toward the pro- 
duction of steam in the ourlet conduit  at 
desired Superheated temperature. 
While I bave chosen to illustrate and describe 
5 certain preferred embodiments of my invention 
it is to be understood that this is by way of 
example only and hot tobe considered as limit- 
ing. 
 What I claire as new and desire fo secure by 
4o Letters Patent of the United States, is: 
1. The method of operating a fluid heater of 
the type having three superposed chambers con- 
nected by throats with fluent gas-pervious heat 
transfer material in each of the chambers and 
45 in the throats and having provision for substan- 
tially continually moving such material by grav- 
ity downwardly progressively through the cham- 
bers and throats and exteriorly from the lower- 
most chamber back to the uppermost chamber 
5O including, maintaining a supply of heating me- 
dium to the upper chamber to heat the material 
as it passes therethrough, passing the fluid to 
be heated through the middle chamber in direct 
contact with the heated material passing there- 
55 through, passing a second fluid to be heated 
through the lower chamber in direct contact 
with the heated material passing therethrough, 
separately supplying the elements of combus- 
tion to provide the supply of heating medinm 
60 mentioned, one of the elements of combustion be- 
ing the second fluid being heated in the lower 
chamber whose flow is controlled responsive to 
pressure differential across the throat connect- 
ing the middie and lower chambers, controlling 
65 the rate of supply of the other element of com- 
bustion responsive to temperature of .the first 
fluid after it bas been heated in the middle 
chamber, and diluting the products of combus- 
tion through recirculation of a portion of the 
70 heating medium after its passage ï.hroug.h the 
uppermost chamber. 
2. The method of operating a fiuid heater of 
the type having three superposed chambers con- 
nected by throats with fluent gas-pervious heat 
75 transfer material in each of the chambers and 



in the throats and having provision for .sub- 
stantially continually moving such material by 
gravity downwardly progressively through the 
chambers and throats and exteriorly from 
lowermost chamber back to the uppermost cham- 
ber. including, maintaining a supply of heuting 
medium to the upper chambrer to heat the mate-. 
rial as it passes therethrough, passing a fluid 
tobe heated through the middle chamher in 
direct contact With the heated material passing 
therethrough, passing a secondfluid te b heated 
through the lower chamber in direct contact 
with the heated material passing therethrough, 
separately supplying the elements of combustion 
to provide the supply of heating medium men- 
tioned, air as che of the elements of combus,tion 
being the second fluid being heated in the le,ver 
chamber, controlling the rate of discharge of air 
from the lower chamber resporsive to pressure 
dierential across the thrOat.connecting the mid- 
dle and lower chambers, and dituting the pied* 
ucts of combustion through recirculation oï a 
portion of the heating medium after its passage 
through the upper chamber. 
3. The method of o.perating a fluid heter of 
the type having three superposed chamers 
nected by throats with fluent gas-pervious, heat 
transfer material in each of the chambers .and ..in 
the throats and hving provision for substan- 
tially continually moving such material by g'av- 
ity downwardly progressively through the cham- 
bers and throats and exteriorly frein the lower- 
most chamber back to the uppermost chamber 
lncluding, maintaining a supply of heating 
dium to the upper chamber to heat the materiai 
as it passes therethrough, passing a fluid to 
heated through the lniddle chamber in direct 
contact with the heated material passing there- 
through, passing a second fluid te e heed 
through the lower chamber in.direct een.tat-with 
the heated material pssi,ng theeth.reg-h, epa- 
rately-supplFing the etements of. coni, btston to 
provitle ,the suppl-y .o leatï.ng .meCum 
tioet, ir. as one. of the ,elemerts .of .coabu- 
lion ing the second uit -bein leted 
lxver ,chamber, contolli, rg .bhe ie-of 
of sir from t.helowea',ham,»er -espoe]si.ve.:t 
sure .diff.eentil across .t,hehl»at-.comecmg. 
middle .and lower .ahCbers, and .cony]/g 
rate of supp]y of fuel .as Zhe OEhm. lemet 
eomhuation resporsie to tn-pertu_:g 
firs£ lïuid ..sïter i -bas -been -heed- 
dte ehamber. 
 4. The method of o!erating a fluid _heaer of 
the type having-three superposed chamber con- 
nected by throats with fluent gas-per-vious heat 
ransfer material in each of the :chambes and 
in-the throats and having provision £or sub- 
stantially continually mo,ving such material by 
graYiy downwardly progresse}Y .hreugh 
chambers and throats .and-e_xterim!y from ..e 
lowermost chamber baok .to the uppermost cham- 
ber including, maintaining a sutply of heating 
medioEm to the upper.chamber te .het=tt]e mate- 
rial as it passes thereth-ough,-.passing a flúid to 
ho heated through 'the middle .chambe in .di- 
rect contact with the heated maerial passing 
therthrough, passing a second .fluid to-be heaZed 
through the lower-chamber in direct csntact w-i%h 
.,the heated material passing .therethr0ugh, seP- 
arately supplying fuel and air as the elements of 
combustion te provide the sup/lN-of heatng-me- 
dium mentioned, the ur .for conï]usti0n being 
the second .fluid to be ieated .in helwer :cham- 
ber, separately measurng .the atg. 0-Sup/.ly-.vf 
.the fuel and of the air_, compari-ng the-measure- 

S 
ments, and controlling the rate of Supply of 
heated air for combustion in .predetermined ratio 
to the rate of supply of fuel by bleeding heated 
air to. waste under the control of the comparisón 
5 of measurements. 
5. The method of operatàng a fluid heater o:[ 
the type having three superposed chambers cbn- 
nected by throats with fluent gas-pervious heat 
transfer material in each o the chambers and 
] in the thr.oats and having provision for.substan- 
tialty continually moving su.ch material by 
ity downwardly progressively through the cham- 
bm and throats and exteriorly from the lOer- 
most chamber back fo the uppermost charaber 
] 5 including, maintaining a supply of heting me- 
dium to the upper chamber o heat the ma¢ial 
as it passes therethrough, passing a fluid-to 
heated through the middie chamber in direct 
contact with the heated material passing there- 
20 through, passing a second f[uid to be hestd. 
through the lower chambrin direct contact itah 
the heated .material passing therethr0ugh, sept_., 
rately supplying fuel and air as the element4 of. 
combustion to provide the supply of heating me- 
25 dium mentioned, the a fo combustion- 
the second fluid fo be heated in the lower Çham- 
ber controlled in response to pressure dfferen_tial 
across the throat cormecting the middte and tov- 
er chambers, and continuslly mainta!ning de- 
s0 sired ratio between rate of supply of air and 
fuel by bleeding heated-air to wate prior 
joining the fuel for combustion. 
6. The combination with a lluid heer hv- 
ing an upper chamber enclosing a fluen gas- 
35 per.vious mass o solid heat transfer material, a 
lower chamber enclosi.ng, a mass of such.materil, 
a passage forming a threat between said Uple 
and lower chambers and enclosing a mass 
such material connecting said material masses, 
i0 mears external of said .chambers and throat fo 
return the materil from an exit in he lower 
chamber to an inlet to the uppe chmber, of 
a heating medium supply for the material in 
the upper chamber, a supply-of fluid te be heated 
5 passed through the lower chamber in-direct con- 
tact with the heated material therein, and mears 
arranged to recirculate a-portion of the heating 
medium after it bas contacted the heating- 
terial-in the upper chamber to dilute the .heting 
5o medium sbream at a.location in its ow path prior 
to its entry fo the said upper chamber. 
7. The combination of ctaim 6 intuding- 
control device for reg.ulating the reoiculaing 
means, .and  temperature measur}ng deice sen- 
s5 stive to a temperature condition of the heatng 
medium adapted to losition he cntrol de/-ice. 
8. The combination of claLm 6 including a 
separate combustion chamber for producing .he 
heating mediu_m, a sUPIlY of £uel and a supplF 
0 of air for combustion-to said separate-combus- 
tion chamber, the .reciroulating means joining 
the .said separate combustion chamber fer in- 
troducing thereto a controllabte flo of aste 
heating medium te dilute the preducts .of cern- 
. bustion, 'a control dewico for regulating he re- 
circulating meurs, and a temperaure-measur- 
ing devioe sensitive to a .temperature of the'hea£- 
ing medium and arranged to position -the con- - 
trol device. 
7 .9 The combinstion with a fluid heater hav- 
ig an upper chamber enclosing a flUent gas- 
pervious mass .of solid heat transfer 'material, 
a- lower chamber .enclosing a mass of auch 
terial, a passage formirg -a throa,t between aid 
75 upper and lower chambers and enclosing a ,mass 
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9 
of such material connecting said material masses, 
means external of said chambers and throat to 
return the material ïrom an exit in the lower 
chamber to an inlet fo the upper chamber, of 
a heating medium supply for the material in 
the upper chamber, a supply oï fluid fo be heated 
passed through the lower chamber in direct con- 
tact with the heated material therein, means ar- 
ranged fo recirculate a portion of the heating 
medium after it has contacted the heating ma- 
terial in the upper chamber to dflute the heat- 
ing medium stream ata location in its flow path 
prior to ifs entry to the said upper chamber, a 
separate combustion chamber for producing the 
heating medium, a supply of ïuel and a supply 
of air for combustion fo said separate combus- 
tion chamber, the recirculating means joining 
the said separate combustion chamber çor in- 
troducing thereto a controllable flow oï waste 
heating medium to dilute the products of com- 
bustion, a control device for regulating the re- 
circulating means, a temperature measuring de- 
vice sensitive fo temperature of the heating me- 
dium supplied to the upper chamber, and means 
responsive fo said temperature measuring device 
and arranged to position the control device. 
10. The combination with a fluid heater hav- 
ing three superposed chambers connected by 
structurally unobstructed throats of reduced 
cross-section, a mass of fluent gas-pervious heat 
transfer material in the form'of pellets confined 
by the chambers and throats, said mass substan- 
çially continually moving progressively down- 
wardly by gravity through the chambers and 
throats, means returning the pellets from an exit 
from the lowermost chamber to an inlet to the 
uppermost chamber, of a heating medium sup- 
ply for the material in the uppermost chamber, 
a supply of a flrst fluid tobe heated passed 
through the middle chamber in direct contact 
with the heated material therein,, a supply of 
air as an element of combustion for the supply 
of heating medium passed through the lowermost 
chamber in direct contact with the heated mate- 
rial therein for heating the air, a supply system 
of fuel for combustion to form the heating me- 
dium, a separate combustion chamber to which 
the air and fuel supply systems feed, a con- 
duit for the heating medium joining the ourlet 
of the combustion chamber with the in!let to the 
uppermost chamber, a second conduit connect- 
ing the exit of the uppermost chamber with a 
point in the combustion chamber, pump means 
in the second conduit recirculating a portion of 
spent heating medium to the combustion cham- 
ber to dflute the products of combustion, and a 
device sensitive to temperature of the heating 
nedium leaving the combustion chamber ar- 
ranged to control the flow in the second con- 
duit. 
11. The combination of claire 10 including 
means controlling rate of flow of heated air 
leaving the lower chamber responsive to pres- 
sure differential between the lower end of the 
middle chamber and the upper end of the lower 
chamber. 
12. The combination of claire 10 including a 
regulating valve for the fuel supply system, and 
means responsive to temperature of the heated 
fluid leaving the middle chamber adapted fo 
control said regulating valve. 
13. The combination of claire 12 including 
means controlling rate if fiow of heated air 
leaving the lower chamber responsive to pres- 
sure differential across the throat connecting the 
middle and lower chambers. 

10 
14. The combination with a fluid heater hav- 
ing three superposed .cbambers connected by 
structurally unobstructed throats of reduced 
cross-section, a mass of fluent gas-pervious heat 
5 transfer material in the form of pellets con- 
flned by the chambers and throats, said mass 
substantially continually moving progressively 
downwardly by gravity through the chambers 
and throats, means returning the pellets from 
10 an exit from the lowermost chamber to an in- 
let fo the uppermost chamber, of a heating me- 
dium supply for the material in the uppermost 
chamber, a supply of a flrst fluid fo be heated 
passed through the middle chamber in direct 
15 contact with the heated material therein, a sup- 
ply of air as an element of combustion for the 
supply of heating medium passed through the 
lowermost chamber in direct contact with the 
heated material therein for heating the air, a 
20 supply system for fuel for combustion to form 
the heating medium, a separate combustion 
chamber to which the air and fuel supply sys- 
teins feed, a flrst rate meter for the air sup- 
ply, a second rate meter for the fuel supply, 
25 means for comparing the rates from said meters, 
and control means for keeping the rate of sup- 
ply of heated air for combustion in predeter- 
mined ratio to the rate of supply of fuel by bleed- 
ing heated air fo waste under the control of said 
3o comparison means. 
15. The combination of claim 14 including 
means for controlling the rate of discharge of 
heated air from the lower heating chamber 
sponsive to pressure differential across the throat 
5 connecting the middle and lower chambers. 
16. The combination with a fluid heater hav- 
ing three superposed chambers connected by 
structurally unobstructed throats of reduced 
cross-section, a mass of fluent gas-pervious heat 
0 transfer material in the form of pellets con- 
fined by the chambers and throats, said mass 
substantially continually moving progressively 
downwardly by gravity through the chambers 
and throats, means returning the pellets from 
an exit from the lowermost chamber fo an in- 
45 let to the uppermost chamber, of a heating me- 
dium supply including a combustion chamber for 
the material in the uppermost chamber, a sup- 
ly of a flrst fluid to be passed through the 
middle chamber in direct contact with the heated 
50 material therein, a supply of a îtrst element of 
combustion for the supply of heating medium 
through the lowermost chamber in direct con- 
tact with the heated material therein, means for 
separately supplying the flrst element and a sec- 
55 ond element of combustion to provide the sup- 
ply of heating medium to the uppermost cham- 
ber, means for controlling the rate of supply of 
the second element of combustion to the combus- 
tion chamber in response to the temperature of 
60 the first fluid after it bas been heated in the 
middle chamber, and meanæ for recirculating a 
portion of the heating medium for dilution of the 
products of combustion after ifs passage through 
65 the uppermost chamber. PAUL S. DICKEY. 
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